Objectives: To describe the use of antenatal corticosteroid and clinical evolution of preterm babies.
Introduction
In 1972, Liggins & Howie showed that the use of antenatal corticosteroid therapy substantially reduces the incidence of respiratory distress syndrome and mortality in preterm infants. 1 In a meta-analysis of 18 controlled studies carried out between 1972 and 1995, Crowley demonstrated that antenatal corticosteroid therapy reduced the incidence of respiratory distress syndrome by 47%, decreased the mortality among preterm infants by 40%, and reduced the incidence of intracranial hemorrhage by 52%. 2 Despite the benefits obtained, the use of antenatal corticosteroid therapy does not seem to be a widespread therapeutic option. Thirteen international studies on the use of surfactant in preterm infants published between 1989 and 1994 clearly showed that corticosteroids were used irregularly. Their use in these studies ranged from 0.8 to 81%. 3 More recently, a survey of 11,440 births in hospitals affiliated with the Canadian Neonatal Network showed that corticosteroids were used in 59% of preterm infants aged between 24 and 34 weeks. 4 The scenario is quite similar in Brazil. For instance, at a teaching maternity hospital, 5 corticosteroids were administered to approximately 50% of patients who had premature births, or to 4% of those whose babies had been born before 34 weeks gestation in seven maternity wards of public hospitals in Rio de Janeiro. 6 The aim of the present study is to prospectively describe the frequency of use of antenatal corticosteroid therapy and the clinical outcome of infants born at or before 34 weeks gestation in hospitals affiliated with the Brazilian Neonatal Network.
Methods
This prospective observational cohort study included all infants born after 23 weeks and before 35 weeks of gestation at hospitals and neonatal units affiliated with the Brazilian Neonatal Network between August 1 and December 31, 2001. The protocol study was approved by the local Research Ethics Committees.
Newborns with major congenital anomalies 7 or chromosomal syndromes were excluded from the study. Newborns whose mothers had received antenatal corticosteroid therapy for any other reason than induction of fetal maturation (e.g.: to treat chronic diseases such as bronchial asthma and collagen diseases) were left out of the study as well.
A form was filled out for every eligible newborn while the mother was in hospital.
Maternal and neonatal variables were obtained from medical charts, prenatal card, and if possible, from prenatal care records, as well as from an interview with the mothers. All mothers signed an informed consent form before the beginning of the study.
The following maternal characteristics were considered: age, previous pregnancies, live births, number of prenatal appointments, diseases during current pregnancy, use of tocolytics and antenatal corticosteroids regardless of the number of doses, type of corticosteroid (betamethasone or dexamethasone) and length of administration before delivery.
The observed neonatal characteristics were the following: gestational age, appropriateness for gestational age, Apgar score at 1 and 5 minutes, procedures performed in the delivery room, SNAPPE II, neonatal outcome, length of hospital stay, and death.
Gestational age was expressed in weeks and was determined by obstetric estimation based on the date of last menstruation, ultrasound results or neonatal exams by the New Ballard 8 score. The final gestational age was that which was calculated according to the date of last menstruation or to early fetal ultrasound when the difference between this date and the date determined by neonatal examination was less than one week. If the difference was greater than one week, the gestational age calculated by the New Ballard score was considered.
Appropriateness of intrauterine growth was classified according to the intrauterine growth curve developed by Alexander et al. 9 Newborns with birthweight between the 10th and 90th percentiles were considered to be appropriatefor-gestational age (AGA), those below the 10th percentile were regarded as small-for-gestational-age (SGA), and those above the 90th percentile were considered large-forgestational-age (LGA).
In our setting, all neonatal units use the guidelines for neonatal resuscitation of the American Academy of Pediatrics, adopted by the Brazilian Society of Pediatrics. This allows determining the amount of bag-mask ventilation, tracheal intubation, cardiac massage, and use of medications. 10 Apgar scores at 1 and 5 minutes were recorded for all infants. 11 The Score for Neonatal Acute Physiology, Perinatal Extension, version II (SNAPPE-II) described by Richardson et al., 12 was applied to all infants at 12 hours of life.
The following clinical outcomes and treatment requirements were observed during neonatal hospital stay:
Respiratory distress syndrome: clinical and radiological diagnosis. Antibiotic therapy for over 5 days.
Necrotizing enterocolitis: age at clinical, radiological or surgical diagnosis, classification from I to III. 13 All grades were taken into consideration.
Intraventricular hemorrhage (IVH), classified according to Papile et al. 14 Grades I to IV were determined by transfontanellar ultrasound performed between the fifth and fourteenth days of life or after some clinical instability that could cause or increase the hemorrhage. Grades III and IV were registered.
In-hospital mortality: age in hours or days calculated according to birth date.
The SPSS 10.0 for Windows was used for the statistical analysis. The chi-square test or Fishers exact test, Students t test and the Mann-Whitney test, ANOVA and multiple logistic regression were used. A significance level of 5% was adopted for all tests.
Multiple logistic regression was used to determine the variables more strongly associated with perinatal conditions, necessity of mechanical ventilation, occurrence of infection and death. The Apgar score at 1 minute lower than 3 or greater than or equal to 3 was used as dependent variable for perinatal conditions. In the logistic regression used to assess the necessity of mechanical ventilation, the use or not of a mechanical ventilator during the hospital stay was adopted as the dependent variable. To assess the occurrence of infection, we used the presence or absence of positive blood culture as dependent variable. The dependent variable used to assess mortality was death and no death.
Results
During the study period, 463 women gave birth to 514 preterm babies with 34 weeks of gestation or less. The main characteristics of mothers, who received or not at least one dose of antenatal corticosteroid, are shown in Table 1 .
The patients were young, 58 (12.5%) were aged 18 years or less. Most of them were inexperienced, since 68 (14.7%) were pregnant for the first time, 191 (41.3%) had their first live birth, and 109 (23.6%) did not have any prenatal appointment.
Some characteristics of the patients who received corticosteroid therapy were significantly different from those who did not receive this medication. Treated patients had had a larger number of previous pregnancies, more prenatal appointments, a more frequent diagnosis of hypertension, and higher use of tocolytics.
Some general characteristics of the 514 infants, classified according to the use or not of antenatal corticosteroid therapy by their mothers, are shown in Table 2 .
We observed that infants whose mothers received antenatal corticosteroid therapy had some different characteristics from those whose mothers had not received this medication. At birth, these infants were more mature (regarding both age and weight), were predominantly female and born by cesarean section, comparatively to those who had not been submitted to antenatal corticosteroid therapy. Table 3 shows perinatal conditions, necessity of medical care in the delivery room and SNAPPE II of infants whose mothers had or had not received antenatal corticosteroid therapy.
Infants whose mothers had received corticosteroids had significantly better Apgar scores at 1 and 5 minutes, with less necessity for interventions in the delivery room. Infants whose mothers had not been treated with corticosteroid therapy showed a worse health status at 12 hours of life, as indicated by SNAPPE II.
We used the Apgar score at 1 minute, lower than 3 or greater than or equal to 3, and logistic regression to determine which variables were associated with perinatal conditions. First we defined which variables could be individually associated with the Apgar score at 1 minute. The variables number of prenatal appointments, maternal hypertension, use of corticosteroids, use of tocolytics, type of delivery, gestational age, birthweight, and gender were significantly associated and were then included in the logistic regression model. Of these variables, antenatal use of at least one dose of corticosteroid, gestational age, and being small for gestational age remained statistically significant. These three variables showed a protective effect, that is, they increased the chances of the Apgar score at 1 minute being greater than 3. The protective effect of these variables is shown in Table 4 . Some information about the clinical outcome of the assessed infants is described in Table 5 . For the sake of analysis, the infants were classified based on the fact whether their mothers had or had not received at least one dose of antenatal corticosteroid therapy.
The diagnosis of hyaline membrane disease was comparable in both groups, but infants whose mothers had received antenatal corticosteroid therapy needed less exogenous surfactant, less mechanical ventilation, and less oxygen therapy. On the other hand, the total length of oxygen therapy and necessity of long-term oxygen therapy was similar in both groups.
The incidence of intracranial hemorrhage, grades III and IV, and the necessity of drug or surgical treatment of the patent ductus arteriosus was the same in both groups.
With regard to the incidence of infection, infants whose mothers had received antenatal corticosteroid therapy had a larger number of positive blood cultures, had to use a larger amount of antibiotics, and a higher percentage of infants developed necrotizing enterocolitis of any type, independently of how many cycles of corticosteroids they had received. However, these infants had a better survival rate. Logistic regression was used to assess the influence of multiple variables associated with the necessity of mechanical ventilation, presence of positive blood culture, and survival rate.
The fact whether the infants were or were not submitted to mechanical ventilation was used as dependent variable, while those individually associated with this variable were considered independent variables. The following variables were included in the model: number of prenatal appointments, antenatal use of tocolytics (yes or no), antenatal use of corticosteroid (yes or no), gestational age, Apgar score at 1 minute and SNAPPE II. Table 6 shows those variables that were not excluded from the model after logistic regression.
After logistic regression, antenatal use of corticosteroids, gestational age and Apgar score at 1 minute were considered protective variables regarding the necessity of mechanical ventilation. SNAPPE II was considered a risk variable. The remaining variables were excluded during logistic regression since they did not show statistical significance.
The fact whether the infants had or did not have at least one positive blood culture while in hospital was defined as dependent variable. Those individually associated with blood culture were considered independent variables. The following variables were included in the model: maternal infection (yes or no), antenatal use of corticosteroids (yes or no), premature rupture of membranes for over 18 hours (yes or no), gestational age (in weeks), birthweight (in grams), Apgar score at 1 minute and SNAPPE II, respiratory distress syndrome (yes or no), necessity of mechanical ventilation (yes or no), pneumothorax (yes or no), patent ductus arteriosus (yes or no), necrotizing enterocolitis (yes or no), intraventricular hemorrhage grades III or IV (yes or no) and necessity of oxygen therapy after 36 weeks corrected age (yes or no). Table 7 shows the variables that were not excluded after logistic regression.
Birthweight was the only variable with a protective effect that was not excluded. The variables antenatal use of corticosteroids, mechanical ventilation, and oxygen after 36 weeks corrected age were related to an increased risk of positive blood cultures.
Variables individually and significantly associated with death were considered independent variables in the logistic Table 8 shows the variables that were not excluded from the model after logistic regression.
Antenatal use of tocolytics, maternal hypertension and gestational age were protective variables in relation to death. SNAPPE II and necessity of mechanical ventilation were risk factors for death.
Discussion
A controlled double-blind clinical trial is the best method to evaluate the efficiency of a drug. In the present study, we assessed the effects of the antenatal use of corticosteroids using a prospective observational cohort study, which is certainly a methodological limitation. However, given the current knowledge about the antenatal use of corticosteroids, 2 using a different study design would be inappropriate.
It should be noted that over 60% of the assessed mothers had received antenatal corticosteroids. The current knowledge about the efficiency of this therapy recommends that all mothers at risk of premature birth should be treated, 2 but this is not always possible. 15 Even in industrialized countries, the use of antenatal corticosteroid therapy is not so common as it should be. 4 Interestingly enough, the characteristics of mothers who received antenatal corticosteroids were different from those who did not. We may say that mothers who received antenatal corticosteroids were more experienced and had a better prenatal care. However, maternal characteristics and the clinical outcome of infants were not different when mothers received complete or incomplete cycles of antenatal corticosteroids. Therefore, these mothers and their infants were assigned to the same study group.
The better prenatal care in women who had received antenatal corticosteroids is of utmost importance, since this shows that the more contact with the patient, the better the possibilities of preventive management. Interestingly enough, the fact that some mothers were hypertensive did not prevent them from receiving the drug. After the use of antenatal corticosteroids was regarded as a way to improve the pulmonary function of preterm infants, it has been suggested that maternal hypertension could be a contraindication to the therapy. 1 This issue remains controversial until today, 15 but it did not impose any restriction on the treatment of mothers. Quite on the contrary, hypertension was associated with a larger number of treatments. This suggests that the closer follow-up provided to the patients may allay the fear of using corticosteroids in hypertension, increasing the supply of corticosteroids to these patients. The a s s o c i a t i o n b e t w e e n t h e u s e o f t o c o l y t i c s a n d corticosteroids supports the hypothesis that these mothers had a better medical care. During preterm labor, tocolytics may be used to reverse the process or allow time for the corticosteroid to take effect. 2 As occurred with maternal characteristics, the characteristics of infants whose mothers received antenatal corticosteroids were different from untreated ones. The infants were older and weighed more and were born by cesarean section. The longer intrauterine life of these infants and the higher incidence of C-sections probably result from the better prenatal care these mothers received instead of from the direct effect of the drug.
By analyzing the perinatal conditions of infants, we obtained interesting information. By and large, infants with less than 34 weeks of gestational age constitute a high-risk group. Nearly half of them required bag-mask ventilation in the delivery room and approximately one third required tracheal intubation. In other words, these infants should be given birth to in a delivery room especially prepared for adequate ventilatory support. This type of support was efficient in all evaluated services, where more than 80% of the newborns had their ventilatory parameters normalized within five minutes.
The group of newborns exposed to antenatal corticosteroid therapy showed better conditions at birth. When intervention in the delivery room was necessary, infants whose mothers had received corticosteroids showed better conditions. These infants needed fewer aggressive interventions in the delivery room, such as tracheal intubation, cardiac massage or use of epinephrine. It should be underscored that the protective effect of antenatal corticosteroid therapy can still be detected at 12 hours of life using SNAPPE II. The protective effect of the corticosteroid as well as that of gestational age and of intrauterine growth retardation on perinatal conditions persisted after the logistic regression. The better perinatal conditions obtained with antenatal corticosteroid therapy have not been but should be widely advertised. 16 The first benefit of the antenatal use of corticosteroids was the improvement of pulmonary function. 1 By analyzing variables individually, we may say that the infants whose mothers received antenatal corticosteroids had a better respiratory performance. Differently from the results reported in the literature, 17 the diagnosis of hyaline membrane disease was comparable in both groups. However, infants whose mothers received antenatal corticosteroids required less exogenous surfactant, less mechanical ventilation and less oxygen therapy and needed fewer days on artificial ventilation. On the other hand, the total length of oxygen therapy and the necessity of long-term oxygen supply were similar in both groups. After logistic regression, the antenatal use of corticosteroids, gestational age and Apgar score at 1 minute were protective factors against mechanical ventilation. SNAPPE II, however, was a risk factor, that is, the higher its value, the higher the necessity of mechanical ventilation. This was obviously expected, since SNAPPE II is a severity score. 12 The antenatal use of corticosteroids is described as a protective factor against intraventricular hemorrhage 2 and as a possible risk factor for neonatal infection. 18 The protective effect against intraventricular hemorrhage could not be demonstrated in the patients assessed in the present study.
Infants whose mothers were treated with antenatal corticosteroids had a higher incidence of positive blood cultures, more frequent use of antibiotics and a higher percentage of them developed necrotizing enterocolitis of any type. As infant characteristics were quite different, logistic regression was used to determine which factors were actually associated with the risk of infection, described as presence of positive blood culture. After the analysis, antenatal use of corticosteroids, birthweight, mechanical ventilation, and necessity of oxygen at 36 weeks of corrected age were statistically significant. Of these variables, only birthweight had a protective effect; the remaining variables were considered risk factors, as expected. It should be highlighted that mechanical ventilation and oxygen at 36 weeks are associated with late infection, which is related to neonatal intensive care. The evidence provided in the literature on antenatal corticosteroid therapy and risk of infection is contradictory. Whereas the meta-analysis carried out by Crowley 2 does not indicate high risk, other authors suggest that the risk of infection is increased, 4, 19 as shown in the present study, too. As the literature mentions that the benefits of corticosteroid therapy decrease after 34 weeks of gestation, it has been suggested that the therapy should be used only in infants older than 34 weeks whose lung immaturity has been confirmed. 20 Certainly, the better survival rate is the most important outcome in the present study. Survival rate is a parameter that somewhat summarizes the success of the whole set of measures with which risk patients are provided. Infants whose mothers received antenatal corticosteroids had a better survival. Logistic regression plays a crucial role in the analysis of factors associated with survival.
Notably, perinatal factors were strongly associated with survival. The antenatal use of tocolytics, maternal hypertension and advanced gestational age are factors that increase the chances of survival, and upon which pediatricians can have little influence. The antenatal use of corticosteroids was not statistically significant. Anyway, prenatal care is fundamental for the prognosis. SNAPPE II and mechanical ventilation were associated with higher risk of death. SNAPPE II indicates infant conditions within the first 12 hours of life, 12 and as the other parameters, it also indicates the strong influence of perinatal conditions on the prognosis.
The necessity of mechanical ventilation had a huge effect on clinical outcome. Despite the improvements made to new respirators and to mechanical ventilation procedures, our data still show that the necessity of mechanical ventilation is a high risk for survival. It should be recalled that it is the most severely ill infants who need ventilatory support.
The present study assessed a cohort of infants treated at teaching hospitals affiliated with the Brazilian Neonatal Network and can be used for comparison with other Brazilian health services. Mothers who received antenatal corticosteroids showed characteristics that indicate better prenatal care, and consequently their infants had a better birthweight and were born at a more advanced gestational age. The antenatal use of corticosteroids was directly associated with better perinatal conditions and higher risk of infection.
